The dye trypan blue inhibits infection of ceils in tissue culture by measles and herpes simplex viruses at concentrations in excess of 0.01% (w/v) principally by direct inactivation of the virions. The inactivation is temperature-dependent (104 times greater at 37 °C than at 4 °C) and its mechanism appears to include inhibition of virus adsorption to cells.
The dye trypan blue (TB) has been studied as a teratogenic agent which induces a variety of abnormalities, e.g. hydrocephalus and spina bifida, in experimental animals. The mechanism by which the congenital abnormalities are induced is not known but may involve modifications in cellular membranes and lysosomal functions leading to abnormal uptake of nutrients (New, 1978) .
We have observed that the dye also inactivates measles (P9 strain) and herpes simplex (HSV-1) viruses, findings of potential clinical significance and that virus inactivation by TB may be a membrane phenomenon of relevance to the mechanism of teratogenesis.
Suspensions of measles and HSV-1 viruses grown in Vero or HEp2 cell cultures were incubated at 37 °C, 20 °C or 4 °C for 60 min in the presence of 0.1% (w/v) TB (Sigma or Gurr) then plated in a volume of 0.1 ml on to monolayers of Vero cells in 5 cm plastic Petri dishes for plaque assay. The plaque assay method used employed a liquid overlay of Medium 199 containing 1% foetal calf serum and the cultures were incubated at 37°C in a 5% CO2 atmosphere for 48 h. The plaques, of diameter 0.5 to 1 mm, were visualized by staining with neutral red followed by fixation with formol saline. The number of plaques per dish was proportional to virus dilution.
The results in Table 1 showed that substantial inactivation of both viruses occurred at 37 °C (even allowing for the thermal instability of the measles virus strain used) but that much less marked inactivation occurred at either 20 °C or 4 °C. (There was no significant photodynamic inactivation in any of these experiments.) The kinetics of the reaction with HSV-1 at 37 °C showed an initially rapid drop in titre of about 3 lOgl0 in 10 min. A residual fraction of approx. 0.01% remained after 80 min, possibly the result of some reversibility in the reaction. The degree of inactivation was strongly dependent on the concentration of TB (Table 2) ; concentrations below 0.01% (w/v) were ineffective. Addition of TB to the medium of Vero or HEp2 cell cultures already infected with HSV-1 or measles virus and incubation at 37 °C inhibited the cytopathic effect (c.p.e.). Plaque production at 48 h was completely suppressed by concentrations of 0.1% added immediately after the normal adsorption period. A concentration of 0.01% TB allowed formation of about 10% of plaques in controls without TB but these were smaller and delayed at least 24 h in appearance. Addition of 0.1% (w/v) TB at later times, up to 18 h post-infection for measles and up to 4 h for HSV-1-infected cells, also completely suppressed plaque formation, but pulsing with 0-1% (w/v) TB medium for 1 h at 37 °C at times before the end of first-cycle virus growth had no influence on plaque production. Uninfected ceils in all monolayers remained comparatively unaffected.
Short communication
The preceding results showed that suppression of plaque production in the presence of TB primarily resulted from inactivation of first-cycle virus yield. However, immunofluorescence observations with measles antiserum on measles-infected cells subsequently exposed to TB showed also marked reduction in production of virus in the first cycle.
Although the penetration of viruses into ceils is generally inhibited at low temperature (Kohn, 1979) , with rare exceptions (Dimmock, 1982) , and virus which has adsorbed but has not penetrated can normally be inactivated by various reagents (Thorne, 1962) , cultures first exposed to measles or HSV-1 viruses at 4 °C or 20 °C for 60 min then treated with TB for 1 to 4 h at 37 °C produced the same number of plaques as untreated controls (Table 3) . This result suggests either that penetration has occurred at low temperature, at least to a point which makes the virus inaccessible to TB, or that TB inactivates infectivity by binding to the virus surface, 10-2 10-3 ~ * Monolayer cultures of Vero cells were infected at 4 °C by adsorption of serial dilutions of virus or virus pretreated with 0.1 ~ (w/v) TB at 4 °C for 60 min. Medium prewarmed to 37 °C and containing 0-1 ~ (w/v) TB was then added; it was replaced after 60 min at 37 °C by normal medium for 48 h at 37 °C.
t + + +, Too many to count.
perhaps at specific sites. These or closely proximal sites may bind the virus to the cell and therefore become inaccessible to TB. In the latter case, pretreatment of virus with TB at 4 °C which, after dilution, has relatively little effect on infectivity, might be expected to block such sites and prevent attachment of virus to cells at 4 °C. The experimental results described in Table 4 are consistent with this interpretation. Furthermore, in a second experiment with HSV-1, inocula with and without 0-1 ~ TB were removed after adsorption at 4 °C, diluted to eliminate inhibitory dye action and titrated on fresh monolayers to estimate unadsorbed virus. The original cultures were washed twice with saline at 4 °C and incubated with normal medium at 37 °C to allow plaque formation and estimation of adsorbed virus. Allowing for inactivation of input virus by TB at 4 °C and neglecting virus in washings, then in the presence of TB about 80 ~o of the input was unadsorbed and about 10~ of the input produced plaques, while in the absence of TB about 55 ~ of the input was unadsorbed and about 50~ produced plaques. The results were again consistent with a substantial reduction in adsorption of virus at 4 °C in the presence of TB. Commercial preparations of TB contain several components as well as the compound represented by the formula for trypan blue. Fractionation has given different results for the teratogenic activity of different components although it seems to be agreed that the nominal TB molecule carries most activity (Kalter, 1968) . We have fractionated the dye by chromatography on alumina by methods previously described (Dijkstra & Gillman, 1961 ; Beck & Lloyd, 1963) , and tested the four components for antiviral activity (Table 5) . Whilst there is substantial activity in the minor fractions 1, 3 and 4, most activity against both viruses is in the major trypan blue fraction (2) eluted by methyl ethyl ketone, also the most active on infected tissue cultures. The structures of the minor components are unknown but an earlier screening investigation (Akerfeldt et al., 1971 ) has shown activity of a variety of naphthalene sulphonic acids, including trypan blue, against several viruses including HSV-I.
While it would be premature to suggest the application of TB clinically in view of its teratogenic and carcinogenic properties, acceptable compounds of related structure may have antiviral activity and may inactivate other membranous viruses, e.g. retroviruses, Epstein-Barr virus and the scrapie agent, in which case clinical tests might be given stronger consideration.
We have insufficient results at present to speculate on mechanisms of interaction of TB with viruses although it seems clear that at least at 4 °C it blocks infection by binding to the virus surface. It is of interest now to determine whether this represents a general adsorption reaction to the virus surface or some interaction with a specific component, e.g. polypeptide(s), since TB binds to protein in general, inhibits several enzyme activities and binding of the C3 component of complement to leukocytes (Guckian et al., 1978) . We hope that the relative simplicity of viral membrane structure will facilitate study of the mechanism of action of TB against viruses and in teratogenesis. In addition, the observation of virus inactivation suggests a means of screening compounds for teratogenic activity by examining their action on viruses.
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